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INTRODUCTION 


The  performance  of  any  smokeless  propellant  used  in  cannon  artil¬ 
lery  depends  to  a  great  extent  upon  the  total  moisture  content  of  the 
propellant  grains.  Since  all  smokeless  propellants  are  hygroscopic  to 
some  degree,  various  packaging  methods  have  ‘seen  adopted  in  order  to 
allow  the  user  to  hold  to  the  old  maxim  of  "keeping  the  powder  dry." 

The  accepted  practice  for  the  bagged  propellant  used  in  separate  loading 
ammunition  has  been  to  transport  and  store  the  propellant  until  needed 
in  reusable,  sealed  metal  containers. 

The  propellant  containers  presently  utilized  are  tested  for  any 
leaks  that  could  possibly  admit  moisture  immediately  after  fabrication, 
and  again  immediately  after  being  loaded.  However,  there  does  not 
exist  a  definite  testing  specification  for  the  leak  test  after  loading 
and  the  specification  for  the  leak  test  after  manufacture  is  wov'ded 
broadly  and  is  non-specific  in  regard  to  any  leakage  rate  or  equivalent 
leakage  hole  size.  As  a  result,  the  present  testing  methods  are  capable 
of  detecting  only  gross  leakage  and  do  not  provide  an  adequate  measure 
of  the  containers'  ability  to  exclude  moisture  from  reaching  the  pro¬ 
pellant. 

To  rectify  this  situation,  a  study  was  conducted  to: 

1.  Establish  the  relationship  between  leak  rate  and  equivalent  hoi 
size  for  the  various  containers. 

2.  Measure  the  actual  le  rate  on  a  large  sample  size  of  each 
container  used  to  establish  the  upper  limit  of  the  leakage  rate  for 
inclusion  in  a  realistic  testing  specification. 

3.  Determine  the  availability  and  identify  manufacturers  of  leak 
rate  detection  equipment  that  is  applicable  for  use  on  automated  LAP 
lines. 

This  report  documents  the  efforts  and  results  of  these  tasks. 


THEORETICAL  LEAK  RATE  PREDICTION 


Previous  theoretical  and  experimental  work  has  been  done  in  the 
field  of  relating  geometric  configuration  to  flow  and  pressure  differ¬ 
ences.  One  facet  of  this  work,  based  on  the  findings  of  HALL',  was  re¬ 
ported  by  Slawsky,  Schmidlin,  and  Lutzky.2  Their  work  showed  that  the 
performance  of  a  fixed-orifice  pneumatic  component  under  given  operating 
conditions  could  be  predicted  to  within  five  percent  accuracy  by 
consideration  of  only  the  orifice  upstream  conditions  and  a  numerical 
parameter  defined  as  the  flow  factor. 

Extensive  theoretical  and  experimental  studies  have  shown  that 
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where 

Q  s  Volumetric  flow  rate 

Pu  =  Absolute  upstream  pressure  (PSIA) 

F  =  Flow  factor 

r  =  The  ratio  of  absolute  downstream  to  absolute 

upstream  pressure  (Pd/Pu) 

1,2,3  =  Subscripts  thit  denote  the  upper,  lower,  and  average 
expected  values  respectively 

If  the  flow  rate  and  pressures  are  either  known  or  specified,  the 
previous  equations  may  be  solved  for  the  expected  values  of  the  flow 
factor  as  follows: 
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The  flow  factor  for  a  given  set  of  conditions  can  usually  be 
obtained  by  actual  measurements  of  flow.  If  the  leakage  path  in  the 
container  is  considered  as  a  short  duct  whose  diameter  is  small  compared 
to  the  diameters  of  the  channels  it  connects,  then  the  following  ex¬ 
pression  may  be  used  to  calculate  the  flow  factor: 

F  =  16. 5A  (7) 

where  A  is  the  cross  sectional  area  of  the  leakage  path,  in  square 
inches. 

Assuming  a  circular  cross  sectional  area  for  the  leakage  path  results 
in  the  equation: 

F  =  13D2  (8) 

where  D  is  the  diameter  of  the  leakage  path. 

Using  this  expression  in  Equations  4  to  6  and  solving  for  the 
diameter  yields: 

D*  .  J^L L_  ,9) 
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Equations  9,  10,  and  11  illustrate  that  if  the  leakage  rate  is  known 
or  specified  in  some  manner,  the  hole  diameter  representative  of  that 
leakage  rate  can  be  bounded. 

Considering  the  perfect  gas  law  as  applied  to  the  containers: 


pjV  =  mj  RT 


P  2V  =  m2  RT 


3 


where  V  -  Volume  of  gas  in  container  (cubic  feet) 
a  p  =  Pressure  change 

Pa  =  Absolute  pressure  (14.7  PSI) 

At  r  Time  interval  during  the  pressure  change  (minutes) 

Using  the  results  of  Equation  18  in  Equations  9  to  11  and 
also  noting  that 

pu  a  pi  +  09) 

where  P^  is  the  internal  pressure  in  the  container,  the  equations  for 
determining  hole  diameters  become 
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LABORATORY  TESTING 


In  order  to  validate  the  results  predicted  by  the  theory,  a  series 
of  tests  were  conducted  utilizing  an  empty  M19A2  container.  The 
laboratory  test  arrangement  is  shown  in  Figure  1. 

For  testing,  the  propellant  container  was  half  filled  with  water. 
This  was  done  based  on  results  cf  earlier  testing  which  indicated 
that  the  average  ullage  volume  in  a  loaded  container  was  approximately 
50  percent  of  the  container's  total  volume.  The  container  was  connected 
to  a  pressure  source  by  utilizing  the  threaded  hole  tor  the  container 
vent  plug.  A  valve  was  included  in  the  line  to  the  pressure  source 
to  isolate  the  container  during  the  leak  rate  testing.  A  direct  read¬ 
ing  pressure  gage  was  connected  as  shown  to  give  a  gross  indication  of 
container  pressure  and  a  Pace-Wianco  pressure  transducer  driving  a 
Hewlett-Packard  model  7005B  X-Y  recorder  was  included  to  obtain  the 
pressure-time  decay  curve.  For  more  precise  pressure  determination,  an 
Ashcroft  Digigage  Model  BCD0-500  digital  water  manometer  was  included 
as  shown.  Leakage  paths  were  simulated  by  venting  the  container  to  the 
atmosphere  by  means  of  a  vent  line  employing  incrementally  variable 
orifices.  A  valve  was  Included  in  the  vent  line  to  start  and  stop  the 
leak  test.  The  test  procedure  was  as  follows: 

1  An  orifice  of  known  value  v<as  connected  to  the  vent  line,  and 
the  vent  line  valve  was  closed. 

2.  The  pressurization  valve  was  opened  and  the  container  was 
brought  to  a  specific  pressure. 

3.  The  pressurization  valve  was  then  closed  and  the  container 
pressure  was  allowed  to  stabilize. 

4.  At  the  end  of  the  stabilization  period,  the  pressure  indicated 
by  the  water  manometer  was  marked  adjacent  to  the  pen  location  on  the 
X-Y  recorder. 

5.  The  vent  line  valve  was  then  opened  to  allow  the  container  to 
experience  a  simulated  leak  at  the  same  time  the  X-Y  recorder  time 
sweep  was  activated  to  provide  a  graphical  record  of  the  container 
pressure  as  a  function  of  time. 

6.  At  the  end  of  the  test,  the  vent  line  valve  was  closed  and 
the  test  sequence  repeated  for  a  new  orifice  size  or  a  new  initial 
container  pressure. 

Figure  2  presents  the  results  of  the  laboratory  testing  for  four 
initial  container  pressures  and  simulated  leakage  holes  from  150  to 
750  micrometers  (0.006  to  0.30  inches)  in  diameter.  The  plotted  curves 
were  based  upon  Equation  20,  and  represent  the  upper  bound  on  the 
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Figure  1.  Laboratory  Test  Equipment  Arrangement 
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Figure  2 


Laboratory  Test  Results  for  the  M19A2  Containt 
50<  Ullage  Volume 


leakage  rate  as  predicted  by  theory.  As  can  be  seen,  there  is  a  high 
degree  of  agreement  between  the  test  data  and  the  values  predicted  by 
the  theory  with  the  exception  of  the  data  points  representing  small  leakage 
hole  sizes  at  the  higher  pressures. 

This  anomaly  could  be  explained  in  one  of  two  ways: 

1.  Leakage  paths  existed  in  the  test  equipment  and  were  not 
apparent  at  the  lower  test  pressures,  or 

2.  Additional  leakage  paths  were  being  created  in  the  container 
seal  at  the  higher  pressures. 

To  test  which  of  the  two  postulates  was  in  fact  true,  the  container 
was  replaced  by  a  stainless  steel  Hoke  sampling  cylinder  which  was 
known  to  exhibit  no  leakage.  The  remainder  of  the  test  equipment  was 
unchanged. 

Figure  3  presents  the  results  of  testing  with  the  Hoke  sampling 
cylinder  utilizing  an  initial  pressure  of  34.5  kPa  (5.0  PSIG)  and 
the  same  family  of  orifices  as  used  with  the  M19A2  container.  The  results 
clearly  indicate  that  the  test  arrangement  by  itself  did  not  introduce 
any  unexpected  leakage  paths,  so  that  the  first  postulated  cause  can  be 
i gnored . 


The  additional  leakage  paths  therefore  were  being  produced  in  the 
container  lid  seal  and  can  t..  explained  as  follows:  at  relatively  high 
internal  pressure,  the  net  force  applied  to  the  inner  surface  of  the 
container  lid  is  sufficient  to  cause  the  lid  seal  to  lose  part  of  its 
sealing  efficiency  and  allow  some  leakage  to  occur  around  the  periphery 
of  the  lid.  This  condition  is  more  evident  for  the  smaller  orifice 
sizes  because  the  container  internal  pressure  remains  at  the  relatively 
high  pressure  condition  for  a  longer  period  of  time.  At  the  larger 
orifice  sizes,  the  container’s  internal  pressure  drops  sufficiently  fast 
to  cause  the  additional  leakage  produced  by  the  lid  to  be  a  second 
order  effect  not  readily  observable  during  the  conduct  of  the  test. 

It  was  therefore  concluded  that  the  developed  theory  was  sufficiently 
accurate  for  predicting  leakage, hole  size  based  on  observed  leakage  rate 
provided  the  container  test  pressure  did  not  exceed  approximately 
27.6  kPa  (4.0  psig). 

The  Leakage  Rate  Curves 

Equations  23  and  24  can  be  solved  for  the  pressure/time  decay 
rate  and  yield 
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Laboratory  Test  Results  for  Hoke  Sampling  Cylinder 


It  can  be  seen  that  the  pressure  decay  rate  varies  with  the  effective 
leakage  hole  diameter,  the  container's  Initial  pressure,  and  the  ullage 
volume  present  In  the  container.  If  we  now  define  a  new  variable,  a  ,  ^s 

,*Ap 

«  =  V  (  —  ) ,  (28) 

At 

we  eliminate  any  variance  with  respect  to  container  ullage  volume  and 
we  have  a  as  a  function  of  only  the  initial  container  pressure  and 
the  leakage  hole  size,  so  that 

a1  748.8  D2  pa  (Pj+Pa)  Vr(l-r)  (29) 

a2  =  432.3  D2  pa  (P^Pg)  V 1  r2  (30) 

Figures  4  and  5  show  the  variation  of  the  quantities  oq  and  03  as 
a  function  of  effective  leakage  hole  size  for  container  initial  pressures 
between  6.9  and  34.5  kPa  (1  and  5  psig). 

These  curves  can  be  utilized  in  the  following  ways: 

1.  Given  the  maximum  permissible  leakage  hole  for  a  container, 
one  would  enter  the  abscissa  of  Figures  4  or  5  and  read  up  to  the  in¬ 
tersection  with  the  curves  for  the  desired  test  pressure.  The  correspond¬ 
ing  values  of  a  i  anda2  could  then  be  read  off  of  the  ordinate  scale. 
Dividing  these  values  by  the  container  ullage  volume  would  then  yield 

the  limits  of  permissible  leakage  rate  for  that  container,  or 

2.  Using  the  leakage  rate  determined  from  testing  a  container,  one 
would  multiply  the  leakage  rate  by  the  container's  ullage  volume  and 
enter  the  ordinate  of  Figure  4  or  5  with  this  value.  One  would  then 
read  across  to  the  Intersection  of  this  value  with  the  two  curves 
representing  the  actual  container  test  pressure,  and  then  read  the 
corresponding  values  from  the  abscissa  to  obtain  the  size  range  of  the 
effective  leakage  hole. 

Ullage  volume  for  either  the  loaded  or  unloaded  container  can 
be  accurately  determined  by  employing  the  method  used  by  Goes3. 


LOADED  CONTAINER  TESTING 

Background 

As  a  result  of  previous  work  and  the  current  efforts  on  leak 
determination  in  propellant  charge  containers,  sufficient  information 
was  available  to  determine  leakage  rates  or  equivalent  hole  sizes  by 
the  method  of  pressure  decay  per  unit  time. 

The  problem  which  remained  was  the  specification  of  a  practical 
leakage  rate  as  a  standard  for  testing  propellant  charge  containers 
from  a  manufacturing  standpoint. 

It  was  suggested  that, by  measuring  the  leakage  rates  or  equivalent 
hole  sizes  in  standard  loaded  propellant  charge  containers  which  had 
previously  been  deemed  acceptable  at  a  LAP  facility,  a  maximum 
acceptable  leakage  rate  could  be  determined. 

The  container  testing  was  comprised  of  three  specific  operations. 
First  the  ullage  volume  within  each  container  was  determined,  next  the 
pressure  decay  leak  test  was  performed,  and  finally  the  lid  torque  was 
checxed. 


Testing  Equipment  and  Test  Sequence 

figure  6  illustrates  the  test  equipment  arrangement  used  for  the 
ullage  volume  determination  and  leak  testing.  The  instrumentation 
consisted  of  an  Ashcroft  Digital  Water  Manometer  (0.-500  in.  differential), 
a  Himmelstein  Digital  Pressure  Decay  Leak  Tester,  a  pneumatic  control 
box,  a  reference  container  and  the  necessary  pneumatic  supply  and  control 
lines  connecting  these  items  together  and  to  the  container  test  probe 
shown  in  Figure  7.  Figures  3  and  9  present  in  mo  detail  the  arrangement 
of  the  control  box  and  reference  container  and  th  functions  located 
on  the  control  box,  respectively.  The  control  box  was  used  for  regulat¬ 
ing  pneumatic  power  to  the  valve  controls  and  the  test  probe  clamping 
cylinder,  and  also  for  pressurizing  the  reference  container.  Pneumatic 
power  was  provided  oy  a  shop  air  system  that  was  capable  cf  de^'vering 
551.6  kPa  (80  psig)  and  was  connected  to  the  control  box  by  a  quick 
disconnect  coupling.  The  test  probe  was  attached  to  the  container 
being  tested  by  means  of  the  clamp  and  clamping  cylinder  shown  in 
Fiqure  7. 

For  clarity  in  following  the  testing  sequence.  Figure  10  presents 
the  test  arrangement  in  schematic  form.  The  detailed  test  procedure 
was  as  follows: 

1.  Record  container  type,  lot,  and  charge. 

2.  Turn  all  valves  on  the  control  box  OFF. 


3.  Connect  pneumatic  power  to  the  control  box. 
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Figure  7.  Container  Test  Probe 


REFERENCE  CONTAINER 
PRESSURE  GAUGE 


Figure  9.  Detail  of  Control  Box  Functions 


Digital  Water 


Figure  10.  Schematic  of  Test  Equipment  Arrangemi 


4.  Turn  on  pneumatic  power. 

5.  Adjust  supply  and  control  regulators. 

6.  Push  clamping  cylinder  release  valve  (V3). 

7.  Turn  on  power  to  the  clamping  cylinder. 

8.  Open  reference  container  charging  valve. 

9.  Charge  reference  container  to  17.2  to  41  kPa 
(2.5  to  6  psig),  then  close  charging  valve. 

10.  Number  sequentially  containers  to  be  tested. 

11.  Reset  all  instrumentation. 

12.  Open  supply  valve  (VI)  and  record  the  pressure  after  it 
has  stabilized  as  PI. 

13.  Position  test  probe  over  the  vert  plug  hole  and  clamp 

the  test  probe  in  place  by  actuating  the  clamping  valve  (V4), 

14.  Open  the  container  valve  (V2). 

15.  Allow  the  pressure  to  stabilize  then  record  the  pressure 
as  P2. 

16.  Close  the  supply  valve  (VI). 

17.  Start  the  leak  test  instrumentation. 

18.  While  the  leak  test  is  in  progress  (100  second  duration) 
the  following  must  be  accomplished: 

A.  Charge  the  reference  container. 

B.  Replace  the  vent  plug  on  the  previously  tested  container. 

C.  Remove  the  vent  plug  from  the  next  container  to  be 
tested. 

D.  Check  the  lid  torque  on  the  previously  tested  container. 

19.  When  the  leak  test  is  completed  record  the  pressure  re¬ 
maining  in  the  container  as  P3. 

20.  Close  the  container  valve  (V2). 

21.  Release  the  test  probe  by  actuating  the  release  valve  (V3). 

22.  Return  to  Step  11,  above, and  repeat,  the  sequence  for  the 
next  container  to  be  tested. 
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The  data  necessary  fcr  the  determination  of  the  container  ullage 
volume  was  obtained  in  steps  12  through  15  above.  Since  the  test 
arrangement  represents  a  closed  system  we  can  use  Boyle's  Law  to 

determine  the  ullage  volume.  Noting  that  Boyle's  Law  can  be  expressed  as 
P1V1  =  P2V2  (31) 

for  the  conditions  represented  by  the  described  test  arrangement,  we  have 

P1  <VV  ■  P2  <yR  +  VL  +  V  <32> 

where  P^  =  Pressure  at  the  start  of  the  ullage  volume  test,. 

P2  =  Pressure  at  the  end  of  the  ullage  volume  test. 

VR  =  Volume  of  the  reference  container. 

V,  =  Volume  of  the  line  connecting  the  reference  and  test 
L  containers. 

Vu  =  Ullage  volume  in  the  container  under  test. 

Solving  Equation  32  for  the  ullage  volume  and  rearranging  the  terms 
we  have 

Vu  =  (Vr  +  V  (  -pi  •  3)  <33> 


The  reference  volume  used  in  the  testing  was  an  empty  M19A2  propellant 
charge  container  for  which  the  volume  had  been  determined  to  be  1377 
cubic  inches.  The  volume  of  the  connecting  line  was  also  determined  in 
the  laboratory  and  was  found  to  be  less  than  1%  of  the  total  system 
volume.  Due  to  this  minimal  effect,  the  volume  of  the  interconnecting 
line  was  ignored  during  the  ullage  volume  calculations,  and  Equation 
33  reduced  to 


Pi 

■  v>-  <4  - !) 


(34) 


A  stabilization  period  was  included  in  the  test  sequence  and  was  re¬ 
quired  prior  to  the  recording  of  any  system  pressure  in  order  to  minimize 
the  introduction  of  errors  due  to  the  adiabatic  lieating/oooling  caused  by 
the  pressurization  or  de-pressurizatior  of  the  various  volumes  in  the 
test  arrangement. 

The  pressure  transducer  available  for  use  with  the  Himmel stein  leak 
detection  equipment  had  a  range  of  0.0  to  344.7  kPa  (0-50  psig)  and  had 
a  sensitivity  of  ±  0.34  kPa  {-  0.05  psig).  Early  in  the  course  of 
laboratory  testing  a  comparison  of  the  readings  obtained  from  the 
Himmel stein  equipment  with  those  obtained  Prom  a  water  manometer 
indicated  that  the  pressure  transducer  was  not  sufficiently  sensitive 
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for  measuring  the  small  leakage  rates  encountered.  Since  there  was 
insufficient  time  prior  to  the  testing  scheduled  at  APG  for  the  purchase 
of  a  more  sensitive  transducer,  the  Himmelstein  equipment  was  used  ^nly 
as  a  reference,  and  the  readings  from  the  water  manometer  were  used 
for  the  leakage  rate/hole  size  calculations. 

During  the  course  of  the  loaded  container  testing,  a  container 
exhibiting  a  large  leakage  rate  which  also  did  not  meet  the  minin  < 
required  lid  torque  of  2.6  kg-m  (225  in-lb)  was  retested  after  th 
container  lid  was  re-torqued  to  within  specification  to  determine  if 
the  leakage  was  caused  by  the  lid  seal  or  the  container. 

Results  of  Testing 

A  total  of  351  containers  of  various  sizes  and  lots  were  tested 
at  Aberdeen  Proving  Ground  during  the  period  of  March  1979.  The  data 
obtained  from  these  tests  are  presented  in  Figure  11  organized  by  lot 
number,  propellant  charge,  ana  container  type.  The  columns  used  in 
the  figure  are  identified  as  follows: 

ID  -  An  arbitrarily  assigned  identification  number 
TORQ  -  The  container  lid  torque  in  inch-pounds 

PI  -  Auxiliary  container  pressure  at  the  start  of  the  ullage  volume 
test  in  inches  of  water. 

P2  -  Auxiliary  container  pressure  at  the  end  of  the  ullage  volume 
test/container  pressure  at  the  start  of  the  leakage  test  in 
inches  of  water. 

P3  -  Container  pressure  at  the  end  of  the  leakage  test  in  inches 
of  water. 

hese  data  were  then  utilized  as  the  input  to  the  computer  program 
shv..,.!  in  Figure  12,  which  calculated  the  container  ullage  volume,  the 
effective  leakaqe  hole  size  and  the  statistical  summaries  for  each 
container  type,  lot,  and  charge  combination.  Tables  1  through  9  present 
the  results  of  the  computer  runs  for  each  container  type,  lot  and  charge 
combination.  Tables  10  and  11  present  the  combined  data  regardless  of 
container  lot  for  all  the  M14A2  containers  with  M3  charges  and  the  PA66 
containers  with  M138E1  charges,  respectively. 

During  the  conduct  of  the  test,  17  containers  exhibited  no 
measurable  lid  torque  and  were  not  included  in  the  previous  statistical 
summary.  The  lids  on  these  containers  were  re-torqued  to  within 
specification  end  then  tested.  The  results  of  th^s  test  are  presented 
in  Table  12„  Container  ID  #3  exhibited  gross  leakage.  This  condition 
could  net  be  corrected  by  re-torquing  the  lid  and  the  container  was 
omitted  from  further  testing.  Container  ID  #12  did  not  have  a  sealing 
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Raw  Test  Data  from  Loaded  Container  Testing 
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Figure  11.  (Con't)  Raw  Test  Data  from  Loaded  Container  Testing 
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Figure  11.  (Conlt)  Raw  Test  Data  from  Loaded  Container  Testing 
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WR I TE  <  6 *7>  VRVG  *VRRV  >GRV6  »VRRO  »BRV6 »VRRB »N* IUBRP  » IDBRD 
30  TO  60 

10  T  VR V6*T  TV / N 

TQRV6=TTQ^H 
TDRVG=TTD'H 

VRRTT*  <  NVTTT2-  <  TTT>^£  >>✓<»♦<  M- 1  >  > 

VRRTV*  <  H^TT V2~  <  TT  V^2  >>.-<»♦<  H- 1  >  > 

VRRTQ* < H*TTQ2~<  TTG^2  >  > " < K N- 1 ) > 

VRRTD=<MVTTI)2-<TTD**£  >  >✓  («♦<«-!>  > 

WR  I  TE  <  6  <•  8  >  TQRVG  »VRPTG  »TBRV6  »VRRTD  *H  *  ITU  •  ITO 
1  FORHRT<F8.0> 

£  FQR«P»T<I3»R10»R10*R10.R10> 

Figure  12.  (Con't)  Data  Reduction  Computer  Program 


31 


'■£  N 


3  FOR  WT  <  13  >  IX  »F4 . 0  .2X  >F5 . 0 »  1 X  ,F5 . 0  .  IX  ,F*5 . 0  » IX *  13  >  IX  >F4 . 0  * 

+2X *F5 . 0 > IX  *F5 . 0  » IX  »F5 . 0 > 

4  FORMAT <  IH1  *  •''/'  *  1  OX  *  1  7HCDNTAINER  TYPE-  -R1  0  %/ *  1  OX  » 

+17HC0H TRIHER  LOT —  »A1 0 >91 0 »✓ *  1  OX » 

H7HCHARGE  TYPE  —  >At  0> 

5  FORMAT  <■.//  ,33X  INEFFECTIVE  */  »6X  *3HLID  *4X  >6H»JLLAGE  > 

+GX  »4HPL0W  »*X  *4HH0LE  > IX  »3HS/N  » IX  .6HT0RQUE  *£X  *GHVOLUME  » 

+5  X  ,  FH  <  SCFM  )  *  3X  *  1 3HD I AMETER  <.  I H  >  »  ✓  » t  X  * 69  <  1 H*  >  *  ✓  > 

FORMAT  <1X*I3*1X*F6.1*1X  »F9 .3  »2<iX»F10.7>> 

FORMAT <.///  » IX  » 19HSTAT  ISTICRL  SUMMARY  »4X  .4HMERN  >  1  OX  * 

+3 AVAR  I RACE *ss, IX  - 1 3HULLR6E  VOLUME  »5X  »F1  0  .4  >5X  »F  1 1  .4  */  » 

♦  IX  *1  INFLOW  <SCFM)  .7Xi.Fl  0.7 *5X,F  13.10 */*tX* 

+14HMQLE  SIZE  <IN> >4X,F10.7.5X,F13.10»'/1X>9HTDTAL  DF  » 

+ 1 3  *  2  OH  CONTAINERS  TESTED :  »I3»14H  UNDER  TORQUED  * 

*33X » 13  * 13H  OVER  TORQUED  > 

A  FORMAT <//✓ > 1 X  »5HT0TAL  */ *  IX  >  19HSTRT ISTICRL  SUMMARY  »4X  f 4WMEAM 

+  ,10X.3HVRRIRNCE*//*11HFLOW  <SCFM>  *?X  *F  1  0  .7  >5X  *F  13 . 1 0  * 

♦x  » 1 X  » 1 4HH0LE  SIZE  <  IN  >  >4X »F 1 0.7 >5X  ,F13 . 1  0 » IX » 

+9HT0TAL  OF  ,13 >2 OH  CONTRIMEPS  TESTED!  >13* 

+  14H  UNDER  TORQUED  >33X  , 13 , 13H  OVER  TORQUED  > 

STOP 

END 


Figure  12.  (Ccn't)  Data  Reduction  Computer  Program 
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Table  1.  Leakage  and  Ullage  Volume  Results  ~ 
M14A2  Container,  M3  Charge 


CONTAINER  TYPE-  M14A2 
CONTAINER  LOT —  RAD-67-627-1970 

CHARGE  TYPE  —  M3 


LID  ULLAGE 
2/M  TORQUE  VOLUME 


EFFECTIVE 
FLOW  HOLE 

< SCFM >  I)  I RME TER  <  IN  ) 


1 

351 .0 

583.728 

0.0000000 

0 

.0000000 

2 

351  .0 

592.376 

.0000496 

.0005465 

3 

351  .0 

613.843 

.0002055 

.0011305 

4 

351.0 

512.657 

0.0000000 

0 

.0000000 

5 

351  .0 

508.411 

.0000851 

.0006816 

6 

351  .0 

522.818 

0.0000000 

0 

.0000000 

7 

351  .0 

495.913 

.0000830 

.0007122 

11 

351  .0 

529.728 

.0000887 

.0007182 

9 

250.0 

506.853 

.0000848 

.0007027 

10 

351  .0 

498.913 

.0000835 

.0006794 

STATISTICAL  SUMMARY  ME AM 


VARIANCE 


ULLAGE  VOLUME  536.5240 
FLOU  CSCFH>  .0000680 
HOLE  SIZE  < IM>  .0005171 


1873.7996 

.0000000038 

.0000001495 


TOTAL  OF  10  CONTAINERS  TESTED:  0  UNDER  TQRQUED 

9  OVER  TORQUE® 


33 


Table  2.  Leakage  end  Ullage  Volume  Results 
M14A2  Container,  M3  Charge 


CONTAINER  TYPE-  Ml  462 
CONTAINER  LOT—  RAT-68- 01 7- 19 '‘I 
CHANGE  TYPE  —  M3 


LID  ULLAGE  FLOW 

/ti  TORQUE  VOLUME  <SCFW> 


EFFECTIVE 

HOLE 

DIAMETER  <IN> 


14  260.0  511.262  .0000856  .0006923 

15  200.0  498.609  .0010718  .0084864 

16  250.0  431.140  .0001208  .0003613 

17  225-0  505.072  .0000845  .00067*? 

18  240.0  282.686  .0000710  .0006418 

19  130.0  513.156  .0032086  .0041815 

20  200.0  491.877  .0000823  .0006678 

21  300.0  527.850  .0003975  .0015126 

22  250.0  552.305  .0002773  .0012797 

23  150.0  547.839  .0048594  .0050791 

24  200.0  579.225  .0000969  .0007336 

25  150.0  569.746  .0001977  .00103--4 

26  250-0  525.910  .0000440  .0004940 

27  351.0  405.684  .0000679  .0006274 

28  240.0  556.926  .0005593  .0017798 

29  175.0  536.305  .0004488  .0016117 

30  175.0  549.238  .0008298  .0011205 

31  140.0  541.881  .0000907  .0007110 

32  210.0  564.760  .0001418  .0008742 

33  351.0  543.403  .0000909  .0007219 

34  230.0  532.512  .0001337  .0008621 

13  225.0  476.224  .9001196  .0008236 


■TATISTICRL  SUMMARY  MEAN 


ILLftbE  VOLUME 
•LOW  <SCFM> 
IDLE  SIZE  < IN> 


513.3005 

.0005669 

.0013398 


OTAL  OF  22  CONTAINERS  TESTED: 


VRRIftNCE 

4154.1465 

.0000013786 

.0000013770 

in  UNDER  TORQUE  I' 
P  OVER  TORQUE D 


Table  3.  Leakage  and  Ullage  Volume  Results  - 
PA66  Container,  M188E1M  Charge 


CONTAINER  TYPE- 
CONTAINER  LOT — 
CHARGE  TYPE  — 


PA66 

INB-77A-S69716A 

H188E1H 


LID  ULLAGE 
S/N  TORQUE  VOLUME 


EFFECTIVE 
FLOW  HOLE 

<SCFH>  DIAMETER  <IN> 


36 

351  -0 

37 

330.0 

38 

351.0 

39 

350.0 

40 

340.0 

41 

351  .0 

42 

240.0 

43 

350.0 

44 

340.0 

45 

350.0 

46 

351.0 

47 

330.0 

48 

280.0 

49 

340.0 

50 

275.0 

51 

250.0 

52 

340.0 

53 

325.0 

54 

310.0 

35 

350.0 

1 388_^5J58 
1382.486 
1375.239 
1137.862 
1387.366 
1368.426 
1434.176 
1408.084 
1377.000 
1391  .529 
1405.295 
1345.783 
1370.573 
1370.340 
1365.231 
1397.053 
1386.990 
1372.174 
1358.615 
1446 .764 


.  u  l*  0 1 1 62 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
.0001200 
.0002357 
0.0000000 
.0015138 
.0014112 
.0001126 
.0001147 
O.GOOOOOO 
0.0000000 
.0001169 
0.0000000 
.0001148 
0.0000000 
.0067797 


.0008491 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
C. 0000000 
.0003540 
.0011898 
0.0000000 
.0030463 
.0029205 
.0008469 
.0008375 
0.0000000 
0.0000000 
.0008544 
0.0000000 
.0008382 
0.0000000 
.0064961 


VARIANCE 

3655 .9260 
.0000023541 
.0000025358 

0  UNDER  TQPOUED 
4  OVER  TORQUE  I1 

t  . 

t 

i 

i 

i  • 

i 


9 

I 

I. 


STATISTICAL  SUMMARY 


MEAN 


ULLAGE  VOLUME 
FUN  <SCFM> 
HOLE  SIZE  <!►*> 


1373.4772 

.0005318 

.0009366 


TOTAL  OF  20  CONTAINERS  TESTED! 


35 


Table  4.  Leakage  and  Ullage  Volume  Results 
PA66  Container,  M188L1  Charge 

CONTAINER  TYPE-  RA66 
CQMTftlHER  LOT —  RAD-697 1 1-DF76 

CHARGE  TYPE  M188E1 


LID 

SzM  torque 


EFFECTIVE 

ULLAGE-  FLOW  HOLE 

VOlUME  OSCFMj  DIAMETER  (IN) 


56 

3  0  0 . 

0 

i  w  •  J  r 

X  1—  •  J  -»  .  V.'  1 

0 ,  0  0  0  0  0  0 1 1 

0 .  0  0  0  0  0  0  0 

cr 
_i  i’ 

3  0  0 . 

0 

13  73.  50  1 

.  000.1 1  49 

. 0008576 

era 

39  0 . 

0 

1 4  04 „  8  0  7 

. 0008350 

. 0011794 

59 

8  ?  0 . 

Ij 

140  0.  5  79 

. 0001 1 78 

. 0006416 

60 

83  0. 

o 

1484. 7 8 8 

.  0  0  0  1 6  0 1 

. 0008631 

6 1 

330. 

0 

1399. 91 9 

0 .  i .  0  0  Mi  0  0 

0 .  0  0  0  ij  0  0  0 

68 

35 1 . 

o 

1454. 797 

,  On 064 35 

.  0018  093 

hi  "! 

3  3  0 . 

0 

189 3 .  0  9 1 

. 0001 068 

. 0007-64 

64 

3 1  0 . 

0 

1405.513 

0.  UOniJUUO 

0 . Oo UO  0  0 0 

65 

88  0 . 

o 

1 393 . 896 

. 0008333 

. 00181 05 

66 

88  0. 

0 

1487. 778 

. 000 1 195 

. 0008449 

6  7 

33  0 . 

0 

1864. 788 

.  0  00 1  058 

. 0O  08  04  0 

£8 

33  0 . 

0 

1364..  53  0 

. 0001 148 

. 0008539 

69 

3  0  0 . 

o 

1305. 846 

.  0 0  0 1 098 

.  00083  07 

70 

3 1  0 . 

0 

1403. 113 

. 0001174 

. 0008656 

71 

38  0 . 

0 

1399. 348 

.  0  0 0 117) 

. 0008616 

78' 

■t*  O  i=j 

0 

1419.  58  0 

. 0008376 

, 0  0 1811 0 

7?  — 

» 

3  3  0 . 

0 

1415. 813 

0 .  0  0  0  0  0  0  0 

0 . 0  0  0  0  0  0  0 

74 

84  0. 

o 

140  0.  868 

. 0008345 

. 0  0 1 84 06 

55 

35 1 . 

Ij 

1 46  6' .  59  - 

. 0008388 

. 0018175 

8  0 

85  0 . 

o 

1364. 564 

.  0  Li  1  4844 

. 0089889 

81 

30  0., 

o 

1 36  7 . 89 1 

ij .  0  ij  0  tj  0  0  0 

i j .  0  0  0  0  0  0  0 

C'C 

8  0  0 . 

0 

1406. 973 

. 001 5306 

. 0031 359 

33 

1 9  0 . 

0 

1355. 745 

. 0015383 

. 0030697 

84 

86  0 . 

o 

1 3 6  7.6  85 

0 .  0  0  ij  0  0  0  0 

0 .  0  0  0  0  0  0  o 

79 

3  0  0 . 

0 

1 334. 193 

0 .  0  0  0  0 1 j  0  0 

(i .  0  0  0  0  0  0  0 

TATI 

STIC 

al 

SUWRZY 

ME  HU 

VAR  7.  A 

ULLAGE  volume 
FLOW  CSCFM'.' 
HOLE  SIZE  •  iro 


1.  378.  1450 
.  Ijn  11375?' 
. 0009573 


TOTAL  OF  c 6  COMTAIHbF'S  TESTED: 


.  0000003:334 
. 00 00 0081 1 1 

8  UUDER  TORQUE D 
5  OVER  TOROUED 


-  v.  Tv»- 


Table  5. 


Leakage  and  Ullage  Volume  Results  - 
PA66  Container,  M188E1  Charge 


CGHTRINEP  TYPE-  PR6* 

COHTRIMER  LOT —  IHD-77fl-S69716ft 

CHARGE  TYPE  —  M188E1 


L  I'D 

H  TORQUE 


ULLR6E 

VOLUME 


EFFECTIVE 
PLOW  MOLE 

<SCFH>  DIAMETER  UH^ 


76  150.0 

77  240.0 

78  225 . 0 

75  175.0 


1 329 .335 
1273.045 
1355 .003 
1353 . 176 


0 . 0000000 
0 . 0000000 
.0015874 
.00 HI 138 


0 . 0  0  0  0  0  0  0 
o  ooooo 
j‘30406 
.0006296 


STATISTICAL  SUMMARY  MERM 


VARIANCE 


ULLAGE  VOLUME  1387 .63*9 
FLOW  < SCFM >  -  0 0 04258 
HOLE  SIZE  <IN>  .0009675 


1461 .4364 

.0000006032 

.0000020629 


TDTRL  QF  4  r.QNTRIMEFS  TESTED:  £  UHPER  TORCH 'E I 

o  GVER  TORQUE  1.1 


I 


Table  6.  Leakage  and  Ullage  Volume  Results  - 
Ml 3A2  Container,  M4A2  Charge 


cant ft I HER  TYPE-  H13ft2 
CONfftlNER  LQT —  CIL-6733? 

CHARGE  TYPE  —  M4*2 


LID  ULLR6E 
TORQUE  VOLUME 


103 

75.0 

47£.43£ 

1  04 

1  05 . 0 

486 . 08? 

105 

225.0 

498.030 

106 

140.0 

484.798 

107 

140.0 

478.423 

1  08 

130.0 

491 .545 

109 

190.0 

478.394 

110 

175.0 

469 .385 

111 

240.0 

478.728 

112 

190.0 

479.570 

i  13 

300.0 

404 .893 

<  114 

150.0 

486.379 

115 

325 . 0 

392 .945 

116 

310.0 

444 .600 

i  117 

25 0 . 0 

450 .967 

i  113 

250 . 0 

472 .580 

!  119 

150.0 

457.207 

!  120 

220.0 

■  455 .488 

121 

200.0 

451 .772 

i  128 

225.0 

440.173 

!  123 

1  00 . 0 

43? .276 

|  124 

150.0 

473 .860 

1  125 

2  30 . 0 

486  .834 

l  126 

200.0 

490  .915 

•  127 

220.0 

4  74,-  3 2  0 

i  128 

240.0 

488  .511 

!  129 

130.0 

295 .071 

j  130 

850 . 0 

505 .370 

I  131 

240.0 

464 .33? 

t  132 

130.0 

454 .979 

,  133 

351  .0 

479 . 1 89 

<  1 34 

110.0 

478.409 

ELOQ 

<SCFH> 


.0004349 
0.0000000 
.  0016058 
-  0008C2S 
.0004003 
.  0004585 
.  0008808 
.  0000796 
.0002769 
.0003210 
. 0008032 
.0002849 
. 0 0  0 3288 
, 0 0 0 1 488 
.0004151 

. 0  0 0 1582 

. 0  0 0  2296 
.0001584 
. 0001890 
. 0013997 
.  0  0  08 1 96 
.  0002776 
.  0 0 0 163  0 
. 0 0 1 58  0  0 
. 0 0  0  3175 
.0033521 
.0001488 
. 0  09 098  3 
.0003331 
.0008284 
.0008907 
.0008402 


EFFECTIVE 

HOLE 

D I HUE TER  < 1 M ) 

.001 5686 
0 .0000000 
.0031852 
.001 1 086 
.0015453 
. 0016841 
.00131  1 1 
.  0007419 
.0013393 
.  0014362 
.001 1532 
. 0 0 1 38  08 
.0014381 

.0009832 
.0016227 
.0009872 
.0012199 
. 0 0 0993 1 
.  0  0 1  1 09  3 

.  003  0790 
.  0>J  1 844  3 
.0013123 
.  0009980 

.0031 145 
.  0 0 1 444  3 

. 0045080 
. 0 0  096 1 2 
. 0076405 
-001 1929 
. 0012042 
.  0  0 1 3466' 

. 0018053 


■  *  '<  4,2 


Table  6.  (Con't)  Leakage  and  Ullage  Volume  Results 
M13A2  Container,  M4A2  Charge 


EFFECTIVE 


LID 

N  TORQUE 


ULLRGE  FLO'.**  HOLE 

VOLUME  <SCFM>  DIRMbTEP  <IM> 


135 

290.0 

476  .654 

136 

275 . 0 

4 '5.930 

137 

230.0 

456  .870 

138 

330.0 

464  .714 

139 

250.0 

459.601 

140 

125.0 

47  0.195 

141 

180.0 

489.317 

142 

190.0 

462  .544 

143 

225 . 0 

472.991 

144 

180.0 

487 .655 

145 

350.0 

299.212 

146 

210.0 

455.207 

147 

150.0 

485.179 

148 

300.0 

434 . 072 

19 

200.0 

449.450 

150 

225 . 0 

441 .346 

151 

1S0.0 

408.388 

152 

100.0 

473  .344 

153 

351.0 

403 .897 

154 

350.0 

461 .851 

155 

120.0 

460  .694 

156 

250.0 

475.937 

157 

225 . 0 

475.535 

159 

150.0 

448 . 085 

4  59 

.0 

469 .545 

a  60 

v  .. .  0 

445 .886 

161 

351.0 

454 . 029 

162 

340.0 

465.367 

163 

225 . 0 

467 . 043 

164 

1 6  ••  0 

477.383 

165 

1? 

475.914 

1 66 

2  .  U 

447.004 

.0001994 

.001 1426 

.0001593 

.0010292 

. 0003823 

.0015266 

.0001944 

.0011408 

. 0 0 02692 

.0013229 

.0004328 

.0016461 

.0003276 

.0014628 

.0002322 

.0012232 

. 0003 1 66 

.0013932 

.  0 0  036  73 

.0014876 

.0002003 

.001099  3 

. 0  0 1 0666 

.0025619 

. 0 002436 

.0012477 

.0002906 

.0013372 

.0003009 

.0013961 

.0001477 

.0010022 

.0002734 

.0013218 

.  0006338 

.0019099 

.0002028 

.0011312 

.0002705 

.0013078 

.0004241 

.0016331 

.0001991 

.0011191 

.0002389 

.0012286 

. 0 0 0375 0 

.0015428 

.0001965 

.0011 065 

.0002239 

.0012188 

.0003039 

.0013746 

.0003894 

.0015754 

. 0 0 039 08 

.0015751 

.0005193 

.0018156 

. 0003584 

.0015144 

.  0002993 

.0014132 
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Table  6.  (Con't)  Leakage  and  Ullage  Volume  Results 
M13A2  Container,  M4A2  Charge 


LID  ULLfibE 
H  TORQUE  VOLUME 

. ♦♦♦■* 


7  175 -C 

8  351.0 

9  351.0 

0  351  .0 

1  1 75 . 0 

£  ££5 . 0 

3  150.0 

4  £50.0 

'5  300.0 

'6  340.0 

'7  £30.0 

’8  ££5 . 0 

'9  350.0 

SO  180.0 
n  £50.0 
3£  200.0 

33  175.0 

34  351.0 

35  35  0 . 0 

36  £80.0 

37  180.0 

38  150.0 

89  £10. 0 

90  £60.0 

91  £30.0 

9£  200. 0 

93  300.0 

94  190.0 

95  £50.0 

96  180.0 

*->  £40.0 

3  ft 


FLOE! 

.  SCFH > 


460 . 145 

.0003851 

446 .206 

.0002987 

454.635 

.0001902 

450 .893 

. 0002641 

452.494 

. 0002651 

441 .898 

.0001849 

486 .968 

.0004482 

452  .  365 

. 0003028 

440 .497 

. 0002580 

473.040 

.0003563 

462 .221 

. 000464 t 

464.119 

.  000-3884 

465 .557 

.0002727 

446.409 

. 0003988 

349 .313 

. 000263 1 

385.146 

.000161 1 

454 . 756 

. 0003305 

496 . 1 49 
516 .985 
421 .161 

295.071 
4?5 .626 
440 .401 
482 . 034 
339 .632 
466 . 039 
446 .493 
446 .300 
44? . 004 
439 . 071 
364  .500 
4:-  7 . 009 


. 0003729 
. 0004326 
.00021 15 
.0001728 
.0002388 
. 0002580 
. 00 02824 
. 000254 1 
. 0003900 
.  0002615 
. 0004482 
.  0002992 
.  0002572 
. 0001525 
.  0005.398 


EFFECTIVE 

HOLE 

DIHHETER  <IN> 


.0015618 
. 0 0 1 3499 
.0011231 
.0013233 
.0013072 
.0010717 
.0016661 
.0014045 
.0012929 
.0014792 
.0016858 
.0015660 
.  0  012983 

.0013759 

.0012850 
.0010618 
.0015766 
.0014630 
.0016316 
.0011443 
.0010578 
.0012421 
-0013299 
.0013309 
.001 2585 
.0015852 
.0013178 
.  0 0 1 7  098 
. 0014132 
.001 3 054 
. 0 0 09895 
. 0018314 


Table  6 


(Con't)  Leakage  and  Ullage  Volume  Results 
MI3A2  Container,  M4A2  Charge 


LID  ULLAGE 
S.  N  TORQUE  VOLUME 


EFFECTIVE 
FLOW  HOLE 

<SCFM>  DIAMETER  <IN> 


199 

£20.0 

472  .482 

. 0003558 

.0015289 

200 

350.0 

431 .126 

.  0 0  0384  7 

.0014646 

aoi 

300 . 0 

414.367 

.  0 0 o 069  3 

.0006721 

102 

150.0 

481 .881 

.  0003226 

.0013467 

STATISTICAL  S 

UMMARY 

MEAN 

VARIANCE 

ULLAGE  VOLUME 

453  ,,7128 

1582 . 0883 

FLOW 

CSCFM) 

• 

0004483 

. 0000009138 

HDLE 

SIZE  <Ih) 

00 t 4785 

. 0000006634 

TOTAL 

□F  100 

CONTAINERS  TESTED: 

4’-'  UNI'fcR  TORQUE 

OVER  TORQUE t 
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Table  7.  Leakage  and  Ullage  Volume  Results  - 
M18A2  Container,  Ml  Charge 


CONTAINER  TYPE-  M18A2 
CONTAINER  LOT —  EA J-67778-0F 1970 
CHARGE  TYPE  —  Ml 


EFFECTIVE 

LID  ULLAGE  RLOW  HOLE 

SN  TORQUE  VOLUME  CSCFH>  DIAMETER  ( IN) 


£03 

175.0 

626 .286 

.0000524 

.0006058 

£04 

160.0 

444.757 

.0000744 

.0007095 

£05 

0.0 

588  .574 

0.0000000 

0.0000000 

£06 

200.0 

599.731 

.0000502 

.0005996 

£07 

200.0 

804.175 

0.0000000 

0.0000000 

£08 

190.0 

574.828 

.0000481 

.0005629 

£09 

210.0 

597.375 

0.0000000 

0.0000000 

£10 

180.0 

606  .869 

0.0000000 

0.0000000 

£11 

1 8  0 . 0 

592.312 

.0000496 

.0005578 

£12 

180.0 

599 . 052 

0.0000000 

0.0000000 

£13 

230.0 

583  .586 

.0001465 

.0009516 

£14 

170.0 

610.923 

.0000511 

.0005600 

£15 

200.0 

618.278 

0.0000000 

0 . 0000000 

£16 

130.0 

591  ,350 

0.0000000 

0 .0000000 

£17 

140.0 

621 .871 

0.0000000 

0.0000000 

£18 

175.0 

623 . 136 

.0001564 

.0009521 

£19 

190.0 

6  09 .676 

0 . 0000000 

0.0000000 

£20 

160.0 

597.931 

0.0000000 

0.0000 0 0 0 

£21 

160.0 

601 .912 

.0001007 

.0007944 

£22 

190.0 

602 .666 

0.00'  0000 

0.0000000 

223 

150.0 

622 .962 

.0001043 

.0007710 

£24 

120.0 

633.532 

.0000530 

.0005922 

£25 

230.0 

599.830 

.0000502 

.0005658 

£26 

180.0 

619.892 

.0000519 

.0005639 

£27 

90.0 

561  .334 

. 0000939 

.0007448 

£28 

180,0 

584 . 377 

.0000978 

.0007743 

£29 

150.0 

428  .736 

. 0000359 

.0004741 

£30 

200.0 

575.802 

.0001446 

. 0009822 

£31 

160.0 

63  0 . 34  3 

. 0000527 

.0005918 

£38 

160.0 

6  U 6.19  0 

.0000507 

.0005853 

£33 

150.0 

533 .432 

.0000893 

.0007584 

£34 

150.0 

472.926 

. 0000846 

.0004971 

ro  ro  ro  ro  dj  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro 


Table  7.  (Con't)  Leakage  and  Ullage  Volume  Results  - 
M18A2  Container,  Ml  Charge 


LID  ullage 
S'N  TORQUE  VOLUME 


EFFECTIVE 

flow  hole 
< scfh >  diameter  <in> 


35 

160.0 

36 

170.0 

37 

140.0 

38 

240.0 

39 

200.0 

40 

140.0 

41 

130.0 

42 

230.0 

42 

200.0 

44 

175.0 

45 

190.0 

46 

210.0 

47 

200.0 

48 

190.0 

49 

180.0 

50 

100.0 

51 

150.0 

02 

150.0 

All .054 
60? .616 
608 .  724 
617.817 
598.895 
618.587 
550.446 
589.615 

597.253 
609.373 
597.637 
592.091 
604.269 
630 .399 

613.254 
607.931 
621 .382 
63  0 • 386 


.0001023 
0 . 0  0  0  0  0  0  0 
.0001019 
.0000517 
.0000501 
.0000518 
. 0000461 
.0000493 
.0001000 
.0001020 
..0001000 
.0000495 
.000  05  06 
0.0000000 
.0000513 
.0009157 
.0000520 
.0000588 


.0009030 
0 .0000000 
. 0008055 
.00  05748 
.0005737 
.0005736 
.0005446 
.0005701 
.0008109 
.0003162 
.  0 0  08 1 47 
.0005793 
.0005757 
0 . 0 0 00000 
.0005842 
.0024500 
.0006103 
.0005995 


STATISTICAL  SUMMARY  MEAN 

ULLAGE  VOLUME  593 .3343 
FLOW  ( SCFM  >  .0000704 
HOLE  SIZE  <1N>  .0005296 


VARIANCE 

#• 

1771 .2261 
.0000000167 
.  0  0  001*01  769 


TOTAL  OF  50  CONTAINERS  TESTED 


46  UNDER  TORQUE D 
0  OVER  TORQUE T 


r<j  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  r o  ro  ro  ro  ro  ru  rc>  ro  ro  ro  ro 

co  co  00  co  co  --j  -si  --j  "si  --j  -j  'j  *-j  --j  -  j  iji  <ji  O'  o»  o>  O'  O'  O'  O'  O'  i_n  iji  tJi  i_n  i_n  >_ri  >_n 

U  *ji  ro  ►**  o  ‘■fl  >35  ^  (J'  >J1*  oj  ro  **  O  '0  >55  -4  >T>  >J\  A  05  r>5  *■*  o  ■•£>  >55  -'4  <T>  0\  -F  05 


Table  8.  Leakage  and  Ullage  Volume  Results 
M18A2  Container,  M2  Charge 


CDNTRINEP  TYPE-  M13R2 
CQMTRIHER  LOT—  BR  J-67778- 
CHRC'GE  TYPE  —  M2 


OF  197 


LID 

S-H  TORQUE 


EFFECTIVE 

UL.H6E  FLOU  HOLE 

VOLUME  CSCFM5  DIRMETEP  <IH> 


35 1 .0 

577.453 

.00  0 048  3 

.0005644 

351.0 

593 . 09 1 

. 0 0  0 099 1 

. 0  0 08 1 93 

351  .0 

568  .568 

. 0000952 

. 0 0 07835 

351.0 

6 1 .0 1*  9 

.000  05 1 6 

.0005879 

351.0 

573.533 

.0000479 

.0005613 

351.0 

569.383 

0 .0000000 

0 . 0  0  0  0  0  0  0 

351 .0 

540.638 

.0000453 

. 0  0  05487 

351 .0 

528  .933 

. 0  U  0 0443 

.  0  0  06 1  09 

351 . 0 

593 .111 

. 0 0 0  0496 

.0005751 

300.0 

613.01 1 

.0001036 

.0008186 

350.0 

439.506 

.0000719 

. 0006877 

351.0 

386 .366 

. 0000323 

. 0004604 

351.0 

506  .546 

. 0000848 

.0007453 

351  .0 

421 .417 

.0000353 

.0004820 

351  .0 

40?  .664 

.0000341 

.0004716 

351  .0 

478.175 

. 0000400 

. 0  0 05  097 

351  .0 

594  .5£6 

. 000  0498 

.0005781 

351 .0 

575.178 

. 0000963 

.0008037 

351 .0 

610  .809 

.0001 038 

. 0 0 09 1 33 

350.0 

65  3 .7  06 

. 0 1 08359 

. 0087689 

351.0 

614.539 

0.00 0 0 0  0 0 

0 .0000000 

350 . 0 

404.130 

.0000338 

.0004735 

351 .0 

587.911 

. 0 0  0 0984 

.0008170 

351.0 

589 .335 

. 0000986 

.0008138 

330.0 

608.039 

.  0  0  0  05  04 

.0005769 

351  .0 

548  .535 

.  0000918 

.0007507 

351.0 

604.044 

.0001011 

.0008146 

351 .0 

58  0 . 858 

. 0 0 0 0486 

.0005803 

351.0 

591 .300 

. 0  0 O 089  0 

.0008373 

351.0 

619.087 

.0000518 

. 0 0 05865 

351.0 

465 . 1 04 

.0000778 

.0007143 

351.0 

614.381 

.0001038 

.0008156 

■atfj 


Table  8.  (Con't)  Leakage  and  Ullage  Volume  Results  - 
M18A2  Container,  M2  Charge 


EFFECTIVE 


LID 

ULLAGE 

FLOW 

HOLE 

S-'N 

TORQUE 

VOLUME 

CSCFH> 

DIAMETER  <IN> 

285 

351.0 

421.157 

.0000352 

.0004807 

286 

351.0 

431.076 

.0000721 

.0006790 

287 

300.0 

386 . 075 

.0000646 

.0006515 

288 

340.0 

335 . 079 

.0000322 

.0004520 

289 

351  .0 

444.905 

.0000372 

.0004945 

290 

351.0 

437.551 

.0000732 

.00  06936 

29* 

351  .0 

359.610 

.0000301 

.0004426 

292 

351  .0 

611.022 

.0001023 

.0008103 

293 

351  .0 

444 .745 

.0000372 

.0004851 

294 

351  .0 

358.594 

.0000300 

.0004410 

295 

340.0 

397.281 

.0000332 

.0004645 

296 

351.0 

346.081 

.0000579 

.0006162 

297 

351  .0 

404.471 

.0001015 

.00031 19 

298 

351  .0 

415.597 

.0000696 

.0006706 

299 

351.0 

338.963 

.0000325 

.0004555 

300 

351.0 

374.447 

.0000313 

.0004461 

STATISTICAL  SUMMARY 

MEAN 

VARIANCE 

IJLLA6E  VOLUME 

505.5106 

9186.0616 

FLOW  <SCFH> 

.0002856 

.0000024425 

HOLE  SIZE  C IN) 

.0007719 

.0000014238 

TOTAL  OF  48  CONTAINERS  TESTED:  £  UNDER  TORQUE D 

40  OVER  TOROUED 


45 


Table  9.  Leakage  and  Ullage  Volume  Results 
M19A1  Container  M2  Charge 


COHTAIHER  TYPE-  M19B1 
CONTAINER  LOT —  I A-BR-35 729-54 
CHARGE  TYPE  —  M2 


EFFECTIVE 

LID  ULLAGE  FLOW  HOLE 

S.-'N  TORQUE  VOLUME  <SCFM>  DIAMETER  <IH> 


3  01 

351.0 

348 .63 0 

.0000583 

.0006112 

252 

351  .0 

443 .506 

.0000371 

.0005006 

3  03 

250.0 

662 .692 

.0001664 

.0010182 

3  04 

200.0 

630  .589 

.0007338 

.0022030 

3  05 

260.0 

613-567 

.0002054 

.0011487 

3  06 

180.0 

817  .5  35 

.0002052 

.001 1686 

3  07 

250.0 

726.179 

.0001823 

.0010739 

3  03 

280.0 

740 .496 

.0002479 

.0018676 

3  09 

220.0 

872.723 

.0001461 

.0009591 

310 

300.0 

823 . 034 

.0004821 

.0017588 

311 

22G.0 

844.935 

0.0000000 

0.0000000 

312 

26  0.0 

689 .341 

.0002884 

.0013442 

313 

350.0 

883 .358 

.0000739 

.0007124 

314 

200.0 

652.165 

.0002729 

.0013436 

315 

100.0 

1046.370 

. 0226784 

.0122757 

316 

275.0 

861  .036 

.0002162 

.0011566 

317 

100.0 

671  .265 

.0001685 

.0010485 

318 

200.0 

747.354 

.0003127 

.0014394 

319 

300.0 

759.  G4  7 

.0005081 

.0018131 

320 

275 . 0 

680.706 

.0003987 

.0015930 

321 

300.0 

702.167 

.0001  "763 

.0010553 

322 

300.0 

785 .996 

.0058538 

.0063496 

323 

250.0 

778.161 

.0003907 

.0015555 

324 

351.0 

868 .48 1 

.0002907 

.0013949 

325 

2L0.0 

8' 5 .287 

.0002122 

.0C1 1939 

326 

£60.0 

917.508 

.0003071 

.0013401 

327 

150.0 

893 .874 

.0003740 

.0015608 

328 

275.0 

66 1  .4  06 

.0002767 

.0012981 

329 

250.0 

706 .506 

.0002956 

.0013680 

330 

240.0 

636  .457 

.0001065 

.0008201 

331 

200.0 

685  .835 

.0001722 

.0010539 

332 

150.0 

642 .944 

.0002152 

.001x680 
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Table  9.  (Con ! t)  Leakage  and  Ullage  Volume  Results  - 
M19A1  Container  M2  Charge 


EFFECTIVE 


LID 

ULLAGE 

FLOW 

HOLE 

S/N 

TDRSHJE 

VOLUME 

<SCFH> 

DIAMETER  <IM> 

333 

275.0 

69 i .725 

.0002315 

.0011910 

334 

180.0 

649.592 

.0000544 

.0005845 

335 

200.0 

614.225 

. 0G00514 

.0005663 

336 

240.0 

9*8.000 

.0001536 

.0010426 

337 

260.0 

929.669 

.0002334 

.0012568 

338 

300.0 

715.080 

.0001795 

.0010661 

339 

300.0 

903.429 

.0003780 

.0015719 

340 

230.0 

895 .968 

.0002249 

. C012151 

34i 

351  .0 

915.039 

.0003063 

.0014057 

342 

300.0 

849.838 

.0001422 

.0009718 

343 

220.0 

893.682 

j 0001496 

.0009891 

344 

250.0 

893.144 

.0001495 

.0009640 

345 

300.0 

855.973 

.0000716 

.0006976 

346 

260.0 

896.836 

.0002251 

.0012410 

347 

300.0 

839 .587 

.0000703 

.0006365 

348 

230.0 

878.431 

.0002205 

.0012272 

349 

351  .0 

910.332 

.0009142 

.0024737 

350 

310.0 

858.415 

.0001437 

.0009887 

351 

230.0 

649 .839 

.0002175 

.0011606 

302 

260.0 

886  .654 

.0002968 

.0013631 

STATISTICAL  SUMMARY 

ME  AM 

VARIANCE 

ULLAGE  VOLUME 

774.7049 

1 7558 .6690 

FLOW  <SCFH> 

.0007783 

.0000102208 

HOLE  SIZE  <IM> 

.0014858 

.0000030089 

TOTAL  OF  52  CONTAINERS  TESTED*  15  UNDER  TORQUE D 

5  OVER  TORQUE D 


Table  10.  Combined  Results  for  the  M14A2  Container 
with  M3  Charge 

CONTAINER  TYPE-  HI  488 
CONTAINER  LOT—  COMBINED 
CHARGE  TYPE  —  M3 


EFFECTIVE . 


lid 

ULLAGE 

flow 

HOLE 

S-’N  TORQUE 

VOLUME 

■  SC  FM  :> 

DIAMETER  CIN 

i 

35  1 .  0 

533.788  0 

0  0  0 0  0  0 

0 

0  0  0  0  0  0  0 

i" 

35 1 . 0 

593. 376 

0000496 

00  05465 

3 

35 1 .  0 

61  3.  843 

0  008055 

0  0 1.  1 3  0  5 

4 

35 1 . 0 

518.657  0 

0  0  0  0  0  0  0 

U 

0  0  fi  0  n  0  0 

5 

35 1 .  0 

508. 41  1 

0000851 

>J  IJ  1)  £. i  £, 

6 

35 1 .  0 

588.318  0 

0  0  0  0  0  0  0 

0 

0  0  0  0  ij  0  0 

f’ 

351. 0 

4*5.  913 

n n o 083 o 

0007188 

11 

35 1 .  0 

589. 788 

0 000387 

0  0  0  7 1 8  8 

9 

£5  0.  0 

5  0  6 . 85 3 

0000648 

00  07087 

10 

35 1 .  0 

498. 91 3 

0  0  0  0835 

00 06794 

14 

86  0.  0 

51 1 . 868 

0  0  0 0656 

00  06983 

15 

80  0.  0 

498. 609 

0 0 1 07 1 8 

0084864 

1 6 

85  0,  0 

481 .  14  0 

0  0  0 1 8  08 

00  0861.  3 

17 

d  d  5 .  u 

505. 078 

0000845 

0006788 

18 

34  0.  0 

888. 686 

0  0  0  0  7 1  0 

00  0641.  8 

19 

13  0.  0 

518. 156 

0038086 

0041815 

8  0 

80  0.  0 

491 . 677 

0000883 

0006678 

SI 

30  0.  O 

587. 85 0 

0003975 

0 0 1 5 1 86 

Lid 

85  0.  0 

558 . 805 

0  008773 

001 8797 

il.’  •  "  • 

1 5  0 .  O 

547. 639 

0048594 

0050791 

84 

80  0.  0 

579. 885 

ij  ij  ij  ij9*7  9 

00  07336 

85 

15  0.  0 

569. 746 

0  0  0 19"  7 

001 0354 

dS 

85  0.  0 

585. 91 0 

00" 0440 

00 0494 0 

l.  r 

35 1 .  0 

405. 6 

0  0  0  06-  79 

00 06874 

TO 

84  0.  0 

556. 986 

0005593 

00 1 7798 

29 

175.  0 

5  3  6 .  3  0  5 

0 004488 

001.61 1  7 

3  0 

175.  0 

549.838 

0  0 08898 

001 1805 

31 

1  4  0.  0 

54 1 . 88 1 

000 0 90 ? 

0  0  0  7 1  1  0 

p 

8 1  0 .  0 

•564.  76  0 

0  0 1 1 1  4 1 8 

0008746 

33 

35  1 , 0 

543.  40  3 

0  0  0  09  09 

000781 9 

34 

83  0.  0 

538. 51 8 

0001837 

00 0868  1 

13 

885.  0 

4  r'6  .  38  4 

0  0 0 1 196 

III1  litfc'Xfi 

STfiTI 

ST  1  CAL 

SUMMARY 

MEAN 

VAR  I A MCE 

UL  LHC 

E  VOLUME  580 

m 

5578 

d‘  4  t‘  t‘  •  {  1 

FLOW 

( SCFM > 

. 0  004 1  1  0 

.  C<  L>0  00  0  49  03 

HOLE 

SIZE  ( 

IN)  .  0  01.0887 

.  OOO0r,l  1863 

TOTH'  GP  38  CONTAINERS:  TESTED:  if  UNDtR  TORQUE!' 

11  OVER  TORQUE D 
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Table  11.  Combined  Results  for  the  PA66  Container 
with  Ml 88E1  Charge 

CONTAINER  TYPE-  RR66 
CONTAINER  LOT—  COMBINED 
CHARGE  TYPE  —  M188E1 


EFFECTIVE 


LID 

ULLAGE 

FLOW 

HOLE 

S/‘N 

♦  ♦♦< 

TORQUE 

••■TJLUNE 

►♦♦♦♦♦♦♦♦♦ 

OSCFM  -• 

diameter  arc- 

►  ♦♦♦♦♦♦♦♦*■♦♦♦♦ 

56 

3  0  0.  0 

1 £53. 830 

0 .  0  0  0  0  O  0  0 

f  i ..  0  0  0  0  0  0  0 

c,7 
□ » 

30  0.  0 

1373.501 

.  0  001 149 

.  00  065576 

ST  O 

£9  0.  0 

1404. £07 

.  0  002350 

. 00 1 1 794 

59 

£9  0.  0 

1400.579 

.  0 0 0 1  1 72 

.  00 084  1 6 

6  0 

£3  0.  0 

1434. 788 

.  0  0  0 1201 

.,  00  0863 1 

61 

330.  0 

1392.919 

0 .  0  0  0  0  0  0  0 

0 .  0  0  0  0  O  0  0 

*2 

351 . 0 

1454. 797 

.  0002435 

.  0012098 

6,3 

3  3  0 .  0 

1293. 091 

.  0  001 082 

. HU  07984 

64 

31  0.  0 

1405.513 

0 .  0  0  0  0  0  0  0 

0 . 0  0  0  0  0  0  0 

65 

£3  0.  0 

1393. 896 

.  0  002333 

.  00 181 05 

66 

£3  0.  0 

1427. 772 

.  0  001  195 

.  00108449 

67 

38  n.  o 

1  £  64. ( y y 

.  0  001 058 

.  00  08040 

68 

33  0.  0 

1364. 530 

. 0001 142 

. 00  08589 

K,  W 

30  0.  0 

1305. £46 

. 0001 092 

.  00  08307 

70 

3 1  0 .  0 

1403. 113 

, 0001174 

.  fin  08656 

71 

320.  0 

1 399 . 348 

.  0 0 0 1  171 

.  00 086 1 6 

»,i  —  i 

r  c 

3£5.  0 

1419.52 0 

. 0002376 

. 0 0 1211  0 

73 

330.  0 

.1415.613 

0 .  0  0  0  0  0  0  0 

0 . 0  0  0  0  0  0  0 

74 

£4  0.  0 

1400. 868 

. 00 02345 

.  00 124  06 

55 

35 1  .  0 

1426.592 

. 0002388 

. 0012175 

8  0 

£5  0.  0 

1364.584 

. 0014844 

. 0029889 

81 

30  0.  0 

1 36  7 . 89 1 

0 .  0  0  0  0  0  0  0 

0 , 0  0  0  0  0  0  0 

‘6d 

£0  0.  0 

1406.973 

.  00 153 06- 

. 0031359 
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Table  12.  Results  of  Container  Testing  After 
Lid  Re-Torque 


CONTAINER  TYPE-  PR66 
CONTAINER  LOT—  IHD-77A-569716 , 
CHARGE  TYPE  —  M188E1 
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tag,  and  when  opened  was  found  to  contain  only  a  partial  charge.  In 
order  to  maintain  uniformity  in  the  test  population,  this  container 
was  omitted  from  further  testing. 

Table  13  presents  the  results  of  the  determination  of  leakage  hole 
size  for  the  various  container/charge  configurations  and  the  overall 
results.  As  can  be  seen,  the  largest  mean  effective  leakage  hole  size 
or  my  container/charge  configuration  does  not  exceed  1.5  mils  while 
the  mean  effective  leakage  hole  size  for  the  total  population  of  349 
containers  does  not  exceed  1.2  mils. 

4  5 

Based  upon  the  work  of  Somerville  as  reported  by  Natrella  ,  we 
can  determine  the  largest  value  of  a  selected  parameter  for  a  desired 
confidence  level  such  that  a  known  percentage  of  the  population  can  be 
said  to  lie  below  that  maximum  value.  Applying  this  procedure  to  the 
effective  leakage  hole  size  and  utilizing  table  A-31  of  Reference  4  we 
obtain  the  results  presented  in  Table  14. 

This  relates  the  leakage  hole  size  to  the  confidence  of  finding 
the  stated  population  percentage  below  {less  than)  that  hole  size. 

For  example,  we  can  state  that  we  have  a  90%  confidence  that  95%  of  all 
hole  sizes  in  any  test  population  will  be  less  than  0.003079  inches 
in  diameter. 

Automated  Load  and  Pack  (LAP)  Line  Test  Equipment 
Requirements 

Equipment  destined  to  be  utilized  on  automated  load  and  pack  as¬ 
sembly  lines  must  be  capable  of  detecting  leakage  rates  that  are  in¬ 
dicative  of  unacceptable  containers.  In  order  to  accomplish  this  goal, 
the  pressure  transducer  used  must  have  sufficient  resolution  to  be  able 
to  detect  the  pressure  decay  due  to  leakage  over  and  above  that  caused 
by  adiabatic  cooling  for  any  container  size  and  ullage  volume. 

Using  the  results  of  Table  14  in  conjunction  with  Figures  4  and  5, 
we  can  determine  the  leakage  factors  for  any* population  percentage, 
confidence  level,  and  test  pressure.  Dividing  the  leakage  factors  by 
the  container  ullage  volume  would  then  result  in  the  minimum  transducer 
resolution  needed  for  the  selected  test  conditions.  Table  15  presents 
the  minimum  transducer  resolutions  needed  for  a  given  population 
percentage,  confidence  level  and  test  pressure,  and  are  based  upon  the 
largest  ullage  volume  as  determined  by  the  loaded  container  testing. 

The  resolutions  given  in  the  table  must  be  multiplied  by  the  pressure 
test  time  in  order  to  arrive  at  the  true  resolution  needed. 

The  use  of  Table  15  can  best  be  shown  by  the  following  example: 

Problem:  We  wish  to  have  a  95%  confidence  that  95%  of  all  containers 
have  leakage  holes  less  than  or  equal  to  0.0031  inches.  We 
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Table  13.  Summary  of  Loaded  Container  Test  Results 


Mean  Effective 


Cont 

ainer 

Charge 

Leakage  Hole  Size 

Ml 
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PA 
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PA 
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Total  of  351  Containers  Tested: 
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69  Over  Torqued 
17  Zero  Lid  Torque* 

2  Omitted  From  Testing 


*  Re-Torqued  then  tested 


expect  the  container  pressure  test  to  last  5  seconds  and  the 
initial  container  pressure  to  be  3.0  psig. 

Solution:  From  Table  14  we  see  that  the  leakage  hole  size  was  chosen 

consistent  with  the  confidence  level  and  population  percentage. 

Entering  Table  15  with  these  values  we  see  that  for  a  test 
pressure  of  3.0  psig,  the  needed  transducer  resolution  is 
0.00529  PSI/SEC.  Multiplying  this  by  the  container  test 
time  of  5  seconds  yields  the  minimum  transducer  resolution 
of  0.026  PSI.  Therefore  in  order  to  conduct  a  leakage  test 
under  the  given  conditions,  we  must  select  a  transducer 
capable  of  resolving  pressure  levels  to  at  least  0.026  PSI. 

Availability 

Although  it  is  known  that  several  commercial  firms  such  as  Uson, 
Inc.,  and  Himmelstein  &  Co.  manufacture  total  systems  for  the  determinati 
of  pressure  decay  in  closed  containers,  the  vast  majority  of  leakage 
test  equipment  manufactured  is  of  the  halogen  or  helium  "sniffer"  type 
which  does  not  lend  itself  to  employment  on  a  high  speed  automated  LAP 
line. 

With  the  advent  of  microprocessor  control  systems  and  their  ap¬ 
plication  to  LAP  lines,  it  is  felt  that  the  measurements  and  calculations 
needed  for  leakage  rate  determination  can  be  best  accomplished  by  uti¬ 
lizing  these  systems  instead  of  employing  a  discrete  test  system.  All 
accept/reject  criteria  would  then  reside  in  the  centra!  processor  read¬ 
only  memory  (ROM)  and  the  processor  itself  would  accomplish  all  the 
necessary  computations  based  upon  a  pre-stored  subprogram  and  the  data 
it  receives  from  the  remote  pressure  transducer. 

The  availability  of  equipment  therefore  reduces  to  the  availabil¬ 
ity  of  pressure  transducers  with  adaquate  sensi tivity/ resol uti on  to 
measure  the  unit  time  pressure  decays  as  given  by  Table  15.  The  appendix 
presents  a  short  list  of  manufacturers  that  produce  pressure  transducers 
with  sufficient  accuracy  to  be  employed  on  LAP  lines.  It  should  be 
noted  that  this  list  is  by  no  means  exhaustive  and  that  the  final 
choice  of  equipment/suppliers  will  depend  upon  the  specific  application, 
the  availability  of  the  equipment,  and  its  compatibility  with  the  other 
LAP  line  equipment. 


CONCLUSIONS  AND  RECOMMENDATIONS 


As  a  result  of  the  efforts  documented  by  this  report,  the  follow¬ 
ing  conclusions  have  been  reached: 

1.  An  adequate  theory  exists  that  relates  effective  leakage 
hole  size  to  the  observed  pressure  decay  in  the  container 
and  the  container  ullage  volume. 

2.  Laboratory  testing  has  shown  a  good  correlation  between 
theoretical  and  empirical  results. 

3.  A  maximum  container  test  pressure  has  been  established  that 
is  typically  less  than  34.5  kPa  (5.0  PSI6). 

4.  As  a  result  of  a  series  of  tests  conducted  with  loaded  pro¬ 
pellant  containers,  a  mean  ullage  volume  has  been  established 
for  each  container/charge  combination  considered.  Variations 
in  container  ullage  volume,  as  measured,  typically  run 
between  3%  and  19%  of  this  mean  value. 

5.  Applying  the  developed  theory  to  the  results  of  the  loaded 
container  tests  has  shown  that  the  effective  leakage  hole 
size  for  all  the  containers  tested  is  on  tne  order  of  25 
micrometers  (0.001  inch). 

2 

As  a  result  of  this  effort  and  the  previous  work  in  this  area  , 
the  leakage  characteristics  of  propellant  containers  have  been  suffi¬ 
ciently  determined  and  no  further  effort  should  be  required  in  this 
area. 


Due  to  the  large  number  of  manufacturers  producing  pressure 
transducers  and  the  variety  of  sensing  means  employed  in  the  transducers, 
no  single  manufacturer/transducer  type  can  be  recommended.  Selection 
of  an  appropriate  transducer  will  depend  upon  parameters  fixed  by  the 
LAP  line  design,  such  as  available  test  time  as  established  by  the  line 
production  rate,  and  the  decision  to  employ  centralized  or  discrete 
test  decision  logic  circuits. 
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APPENDIX 


Selected  Transducer  Manufacturers 
Beacon,  Inc. 

Bell  &  Howell  Co.  -  CEC  Instruments  Div 
Condec  Corp/Consol idated 
Datametrics,  Inc. 

Foxboro  Co./ICT,  Inc. 

Genisco  Technology  Corp. 

Himrcel stein  &  Co. 

Honeywell,  Inc. 

Lynch  Corp/Cox  Instruments 
Robinson  -  Hal  pern  Co. 

Rosemount,  Inc. 

Schaevitz  Engineering 
Sensotec,  Inc. 

Setra  Systems,  Inc. 

Sybron  Corp/Taylor 
Systron  -  Donner  Corp. 

Viatran  Corp. 
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